the total RNA using Oligo-tex (Takara Bio, Otsu, Japan). Total RNA was denatured with glyoxal, separated on a 1.4% agarose gel, and transferred to a nylon membrane (Hybond-N, Amersham Biosciences, Buckinghamshire, UK) as described by Sambrook et al. (1989) . Probe DNAs were labeled with PCR DIG labeling mix (Roche Diagnostics, Mannheim, Germany) and reacted to the membrane in a hybridization buffer as described by Church and Gilbert (1984) . After hybridization, RNA was detected with DIG nucleic acid detection kit (Roche Diagnostics), except for the substrate of alkaline phosphatase, and its activity was detected with CDP star detection reagent (Amersham Biosciences).
Fragments containing genes encoding the DELLA proteins were obtained from genomic DNA using PCR with the degenerate primers described by Bassel et al. (2004) . To obtain entire sequences of the cDNAs, 5Ј-and 3Ј-rapid amplification of cDNA ends (RACE) were carried out using the GeneRacer Kit (Invitrogen, Carlsbad, CA, USA). Sequences of PvGAI1 and PvGAI2 cDNAs were amplified by RT-PCR from the poly (A) ϩ RNA of seedlings at 3 days after imbibition (DAIs). The amplified fragments were cloned into pCR2.1 (Invitrogen), and the resultant plasmids were named pGAI1 and pGAI2. Entire coding regions of PvGAI1 and PvGAI2 were amplified from pGAI1 and pGAI2 using the Pyrobest DNA polymerase (Takara Bio) and cloned into pENTR-TOPO (Invitrogen); the resultant plasmids were narmed pENTR-GAI1 and pENTR-GAI2, respectively. Sequences of PvGAI1 and PvGAI2 cDNAs were moved to the destination vector pUGWB2 (which was kindly donated by Dr. Nakagawa, Shimane University) using LR ClonaseII (Invitrogen), and the obtained plasmids were named p35S-GAI1 and p35S-GAI2, respectively. To delete the 55 N-terminal amino acids and 7 C-terminal amino acids of PvGAI2, Met 56 and Trp 589 (TGG) were changed to the initiation codon and the stop codon (TGA) by PCR, respectively, and the resultant fragment was cloned into pUGWB2 as described above; the obtained plasmids were named p35S-GAI2nd and p35S-GAI2cd, respectively. To delete the 17 amino acids including the DELLA domain, an AatII site was created at Asp 41 by PCR using pENTR-GAI2 as the template and 5Ј-CACCTTCCGACATGG-CAGACGTCGCTCAGA-3Ј and 5Ј-GGAAGCTTTC-ACGCAGAGGTGGCGATGAGA-3Ј as the primers. The cDNA fragments were then cut with AatII and ligated to the plasmid AatII site at Asp 58. The mutated PvGAI2 cDNA fragment was cloned into pUGWB2 as described above, and the resultant plasmid was named p35S-GAI2dd.
A reporter plasmid was constructed by cutting pDO432 (Ow et al. 1986 ) with BamHI and SacI, and the obtained fragment containing the firefly luciferase (Fluc) gene was ligated to pBI221 (Jefferson et al. 1987 ) that had also been cut by BamHI and SacI; the resultant plasmid was named p35S-Fluc. The promoter region from the EP-C1 gene was amplified as described by Terasaki et al. (1995) and fused to the Fluc coding region of p35S-Fluc, with the resultant plasmid named pEPC1-Fluc. The promoter region from positions Ϫ2302 to ϩ11 of the CP2 gene was amplified to create a BamHI site at ϩ12 of the gene by PCR, and the amplified fragment was inserted into HindIII and BamHI sites of p35S-Fluc; the resultant plasmid was named pCP2-Fluc.
To normalize Fluc activity, p221-Rluc (Kitakura et al. 2002) -in which the cauliflower mosaic virus (CaMV) 35S RNA promoter is fused to the Renilla luciferase (Rluc) gene-was used as an internal control. All plasmids were mixed in equal amounts (1 mg each per 1 mg of gold particles). Reporters and effectors were introduced into germinated cotyledons of common bean seeds at 3 DAIs by particle bombardment as described by Yamauchi (1997) . After bombardment, the cotyledons were incubated on wet filter paper at 27°C in darkness for 24 h. Luciferase (Luc) activities were measured using the dual luciferase reporter assay kit (Promega, Madison, WI, USA).
We cloned two PCR fragments using genome DNA as a template. These sequences are similar to those of GmGAI1 and GmGAI2 (Bassel et al. 2004) , and the corresponding genes were named PvGAI1 and PvGAI2, respectively. We cloned the entire cDNA sequences with the RACE method using primers designed from the sequences of the fragments. Sequences of PvGAI1 and PvGAI2 cDNAs were 2090 and 2051 nucleotide residues without poly(A) tails that encoded 517 and 596 amino acid residues, respectively (Accession Nos. AB304457 and AB304458). These amino acid sequences are homologous to previously reported DELLA proteins, and are compared to that of Arabidopsis GAI in Figure 1A . The amino acid sequences of both PvGAI1 and PvGAI2 included DELLA, TVHYNP, S/T/V, leucine heptad repeat (LZ), VHIID, and SAW domains that are all conserved in DELLA proteins ( Figure 1B ; Itoh et al. 2002 , Pysh et al. 1999 ). However, the N-terminal half regions exhibited low identities between PvGAI1 and PvGAI2, which is due to the S/T/V domain being longer in PvGAI2 than in PvGAI1 ( Figure 1A) .
We examined the levels of PvGAI1 and PvGAI2 mRNAs in germinated cotyledons of common bean seeds at 3 DAIs by RT-PCR (Figure 2A ). Although EP-C1 mRNA was detected after 25 cycles, PvGAI2 mRNA was not detected until 30 cycles, at which point PvGAI1 mRNA was still not detected. These results suggest that the gene encoding PvGAI1 is expressed at lower levels than the gene encoding PvGAI2 in germinated cotyledons. We also performed an RNA blot analysis of the two genes during seed germination ( Figure 2B ). PvGAI2 mRNA appeared at 1 DAI and its level was maintained until 3 DAIs. EP-C1 and CP2 mRNAs were detected at 1 DAI and their levels were increased at 3 DAIs. In contrast, only a very weak band corresponding to PvGAI1 mRNA was found from 1 DAI to 3 DAIs. The GA-biosynthesis inhibitor PHD is known to repress EP-C1 and CP2 (Yamauchi 2007) . We examined the effect of PHD on the expression levels of PvGAI1 and PvGAI2. Exogenously applied PHD decreased the levels of EP-C1 and CP2 mRNAs, and this was prevented by the addition of GA 3 ( Figure 2C ). In contrast, PHD had little effects on the levels of PvGAI1 and PvGAI2 mRNAs. These results indicated that the levels of PvGAI1 and PvGAI2 mRNAs are not correlated with those of EP-C1 and CP2. We predict that GA induces breakdown of DELLA proteins and activates proteinase genes in germinated cotyledons of common bean seeds. Immunological detection of RT-PCR detection of PvGAI1 and PvGAI2 mRNAs in total RNA from germinated cotyledons. cDNA was synthesized from total RNA extracted from germinated cotyledons at 3DAIs (cDNA). PCR was applied to a genomic DNA of common bean as a positive control (gDNA). Each number at the top of the panel indicates the number of PCR cycles. The following primers were used for mRNA detection: PvGAI1 5Ј-GTGGTTGTTGACTCCCAGGAG-AA-3Ј and 5Ј-CGTAGAAGTGAATCTGGAGAGAGT-3Ј; PvGAI2 (5Ј-TTGACTCACAGGAAGCCGGCGT-3Ј and 5Ј-GTCGGAGAGAGA-GGATTCAAGAGT-3Ј; EP-C1 5Ј-GGAGGCATAACAACAGAA-AGCAATT-3Ј and 5Ј-CTACAATCACCAGTAAATACTCCCT-3Ј. Thermal cycling comprised denaturing at 94°C for 1 min, annealing at 55°C at 1 min and extension at 72°C for 1 min. The amplified fragments were separated on a 2% agarose gel and stained with ethidium bromide. (B) RNA blot analysis of PvGAI1 and PvGAI2 mRNAs in germinated cotyledons. Total RNA fractions were extracted from germinated cotyledons of seeds. Numbers at the top of panel indicate DAIs. (C) RNA blot analysis of effect of PHD on expression levels of PvGAI1 and PvGAI2. Common bean seeds were allowed to imbibe water (No), 10 mM PHD (PHD), or 10 mM PHD and 10 mM GA 3 (ϩGA). (D) RNA blot analysis of expression of PvGAI2 in various tissues of seedlings. Common bean plants were grown in a phytotron with continuous light for 7 DAIs. Buds (B), leaves (L), stems (S), hypocotyls (H), and roots (R) were collected from the plants. PvGAI1 and EP-C1 mRNAs were not detected in total RNA from the tissues of the seedlings. Probes of cDNA for PvGAI1 (PvGAI1),PvGAI2 in germinated cotyledons is required to test this prediction. In addition, our result suggests that the mRNA level of PvGAI2 increased rapidly until 1 DAI ( Figure 2B ). This result may be involved in spatial regulation of proteinase genes in cotyledons. Because it is known that mobilization of storage protein starts at the farthest region from the vascular bundle in the cotyledon of legume plants (Toyooka et al. 2000) , proteinase genes may be activated in a similar manner to the mobilization. We predict that synthesis of PvGAI2 at early germination is required to repress proteinase genes around the vascular bundle. Immunohistochemical detection of PvGAI2 is needed to test this hypothesis.
RNAs from tissues of seedlings were analyzed to examine tissue-specific expression of the two DELLA proteins ( Figure 2D ). The bands corresponding to both PvGAI1 and EP-C1 mRNAs were not visible (data not shown). In contrast, bands corresponding to PvGAI2 and CP2 mRNAs were found in RNA extracted from all tissues of the seedlings ( Figure 2D) . It is therefore possible that PvGAI2, but not PvGAI1, regulates the GA response in vegetative tissues.
DELLA proteins are known to act as transcriptional repressor. We examined whether PvGAI1 and PvGAI2 repressed the promoter activities of the GA-inducible cysteine proteinase genes EP-C1 and CP2 using a transient expression system with particle bombardment. The transient expression of PvGAI2 decreased the Fluc activity derived from the promoters of EP-C1 and CP2 (Figure 3) . However, PvGAI1 did not repress the activities of the two promoters, as indicated by there being no statistical differences between the presence and absence of the effector, p35S-GAI1. The mRNA level in germinated cotyledons was higher for PvGAI2 than for PvGAI1 (Figure 2A, B) . These results suggest that PvGAI2, but not PvGAI1, regulates GA-inducible gene expression in germinated cotyledons of common bean seeds.
We examined whether or not the DELLA domain and the C-terminal region of PvGAI2 were required for repression of EP-C1 promoter activity (Figure 4) . Deletion of the seven C-terminal amino acids (p35S-GAI2cd) resulted in PvGAI2 losing its ability to repress EP-C1 promoter activity. This finding mirrors the results of a previous analysis of the rice DELLA protein SLR1 (Ikeda et al. 2001) . Both deletion of the N-terminal region containing a DELLA domain (p35S-GAI2nd) and an internal deletion of 19 amino acids containing a DELLA domain (p35S-GAI2dd) resulted in 25% and 43% increases, respectively, in EP-C1 promoter activity. ; CP2) , in the presence (ϩ) or absence (Ϫ) of the effector, p35S-GAI1 (PvGAI1) or p35S-GAI2 (PvGAI2), into the cotyledons of common bean seeds at 3 DAIs using particle bombardments. Relative Luc activity was calculated by dividing the Fluc to Rluc ratio from each construct by the Fluc to Rluc ratio from pEPC1-Fluc or pCP2-Fluc. Data are means and standard errors from four independent bombardments. The promoter activities did not differ significantly between the between presence and absence of the effector, p35S-GAI1. Figure 1B . We delivered the reporter plasmid, pEPC1-Fluc, and the effectors into the cotyledons of common bean seeds at 3 DAIs using particle bombardments. Relative Luc activity was calculated as described in the legend of Figure 3 . Data are means and standard errors from four independent bombardments. Ueguchi-Tanaka et al. (2005) reported that the Nterminal DELLA domain is involved in GA receptor recognition, and that its deletion blocks the GA response. However, this finding is not consistent with our results. If the deletion of the DELLA domain results in PvGAI2 losing its ability to repress GA-inducible genes, it is probable that the mutated PvGAI2 forms a heterodimer with endogenous PvGAI2, and that a decrease in endogenous PvGIA2 homodimer affects EP-C1 promoter activity.
